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ABSTRACT
A rotary stage microdensitometer was interfaced to an Apple II
personal computer for the purpose of making rapid rms granularity
measurements. An experimentally determined relationship was found
between standard deviation in voltage and rms granularity. By using
this relationship the device proved accurate to within 7 percent of
the known values of rms granularity on a conventional microdensito
meter for the same samples with 95 percent confidence.
n
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INTRODUCTION
Granularity is defined as the spatial variations in density of a
uniformly exposed and processed film sample on a microscopic scale.
These spatial variations in density are analogous to time variations
in signal of a communication channel or granularity is analogous to
noise.
In the past 40 to 50 years, many approaches have been taken to
evaluate photographic granularity or image noise. The earliest of
which was Selwyn's that suggested a relation between the standard
deviation of density fluctuations and the size of a scanning aperture.
The majority of modern methods of image noise evaluation are based on
the analysis of Wiener for stationary, ergodic, processes and the
subsequent application of Wiener spectrum techniques to photographic
images, notably by Schade, ' Fellgett, Jones, and Zweig. ' '
Selwyn's measure of granularity can be seen as a special case
of the more general autocorrelation analysis and under certain condi-
2
tions they are equivalent. The Wiener spectrum and the autocorrela
tion function have been demonstrated to be Fourier Transform pairs,
and hence both functions contain the same fundamental information
about a random process. The Wiener spectrum is a more convenient
representation than the autocorrelation function, because functions
are cascaded in spatial frequency as opposed to the convolution of
functions in space.
-2-
In 1971, Pollard designed, constructed and evaluated a rotary
stage microdensitometer which utilized the relation between rms
granularity and the voltage fluctuations across the anode load re-
12
sistor of a photomultiplier tube. This device was then modified
13in 1976 by Bathgate and Ferrauto. The resulting instrument makes
use of a triangular rail optical bench mounted to a platform. The
influx side of the optical path consists of the lamp house and power
supply, a condenser lens, and influx objective eyepiece. The efflux
side consists of the efflux objective and eyepiece, neutral density
wedge, ground glass, and the detection system. The rotary stage was
achieved using a brass stage that rotates on precision bearings,
rotated by a synchronous motor drive. The detection system consisted
of an RCA 931A photomultiplier tube and an rms ac voltmeter to make the
measurements. A general schematic of the components is shown in the
Physical Layout, Figure 1.
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II. Experimental
Frequency Matching - In evaluating the device, it was necessary
to determine the maximum frequency of the signal to be seen by the
photomultiplier tube and to insure that the photomultiplier band
width is sufficient to pass the signal.
Assuming the smallest effective aperture to be lumi or a spatial
frequency of 1000 cycles/mm, the scanning speed is 1.50 rev. /sec,
12
and the length of the scan path is 29.6 mm/rev., the maximum frequency
of information is 44.4 KHz.
The bandwidth of the RCA 931A photomultiplier operated at 100 volts
per stage extends to a maximum frequency of approximately 420 MHz with
-4 dB attenuation. The photomultiplier curcuit has a total resistance
of 939 Kn and a supply voltage of -1000 volts dc which by voltage di
vider yields a per stage voltage of 106.5 volts per stage.
The bandwidth of the photomultiplier tube is therefore sufficient
to handle the maximum frequency of information.
Positioning and Alignment - All of the components are mounted to
locking carriers along the optical axis. The initial concern was
to set the distances along the optical axis. See Figure 2. The most
critical distance is between the sample plane and the photomultiplier.
This distance with respect to the viewing microscope determines the
magnification of the sample and consequently the size of the spot on
-5-
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the sample which is observed by the detector.
As dp is dependent upon the scanning aperture, the influx
and efflux microscopes were therefore positioned to achieve ap
proximately 100 x reduction and magnification. Alignment of each
component was achieved by adjustment of the shims and set screws
in oversized screw holes.
Photomultiplier Evaluation - It was already stated that the
transmittance of attenuators in the beam of light incident on the
photomultiplier aperture can be measured as a function of the volt
age across the anode load resistor of a photomultiplier tube. A
functional response curve for the photomultiplier tube was deter
mined.
This functional curve was used in determining the V. atd-c
which a v
was measured. The measurement of o required that the
response V, vs. transmittance be nearly linear in the range used
and that all the samples to be used can be adjusted to lie at that
value of V. . The response curve was determined using five inconel
dc
density filters of transmittance .01,.. 1, .32, 15 and .91. See
Figure 3.
The dynode resistor chain is composed of nine lOOjKff for a
total resistance of 939iKo, . With a supply of -1000 volts dc the
maximum anode current anticipated is 1.06 miHiamps.
9.0.
8.O..
7.0
6.O..
5.0
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Figure 3
CHARACTERISTIC DC VOLTAGE VS TRANSMITTANCE
At rated lamp conditions
-1000 V power supply
48 urn aperture
4.0.
3.0
2.0.
1.0
"V
05 "
/
/
0
/
Data is from
Inconel ND.
fi 1 ters
.4 ,6
TRANSMITTANCE
.8 1..Q
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The output dc signal is not stable over long periods of time
due to the effects of supply variation, temperature effects and
many other experimental consideration. The long term instability
was not considered as a source of error in this investigation
because the dc signal bias is readjusted before each array of
data points is taken.
Digitization - The AD521 instrumentation amplifier was
configured in the inverting mode and set with a gain of 10 to
achieve the appropriate signal level for the A/D converter input
15
voltage span. The signal is then input to the AD574 analog to
digital converter at the ten volt span input. This voltage is
represented at a parallel output port as a twelve bit binary
code. The A/D converter is set in a mode to use two control
lines. The first being the read/convert line and the second
being the status line. The timing diagram for data acquisition
is shown in Figure 4. The twelve bid code of data alone with
the control lines are connected to Jl of the Apple parallel
16
Interface AIO . The pin out connections for the AD521, AD574,
and Jl can be seen in Appendix A. A schematic of the signal
flow can be seen in Figure 5.
-9-
Figure 4
Timing Diagrams For Data Acquistions
Read/
Convert V tHkL -*jT
Status
CDS
tM
Ikia DATA VALfy
r tc-
x
Z*>p&ol<Vt<i&
T>ATA vAub
Timing Specifications
"HRL
"DS
HDR
400ns min
500ns max
300ns max
% -100ns min . . . +200ns max
tQ (12 bit convert) 15-35
Sampling Rate - To achieve statistical confidence of 95 percent
in the values obtained via the rms granularity meter, it was necessary
to take 1000 data points in a single revolution of the stage. The
stage revolves at 1.5 sec. /rev. and therefore it is required that the
1000 data points be taken in under 1.5 seconds.
The length of time the Apple requires for 10,000 A/D conversions
was determined by a simple program, Timer. Timer signaled with a
bell when it started and stopped taking data. It was found that for
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10,000 points it took:
t = 11.48 sec. o = 0.114
and therefore for 1000 points
t' = 1.148 sec.
By taking the ratio of the time for one revolution and the
time per 1000 samples it was determined that 1306 samples could
be taken in one complete revolution.
1.5 sec. /rev. *f 1.148 sec/1000 samples = 1306.6 samples/rev.
The length of the scan path is 29.6 mm and, with the 48 ym
aperture used, only 616 completely independent samples could be
taken in one revolution. At the sampling rate of 1.148 sec/1000
samples and the scan speed of 1.5 sec. /rev. , 1306 samples are
taken in one revolution. The scanning motion produces an arc
of approximately 24 micrometers or approximately the radius of
the sample aperture before the next data point is converted. There
fore the 1306 samples are overlapping by approximately their radii.
System Noise Signal - As stated in the introduction the stand
ard deviation of voltage is proportional to the standard deviation
of density or rms granularity of a sample. In previous work the
standard deviation of voltage was obtained as the square root of
-12-
the difference of the variance of the voltage when the stage is
moving and the variance of the voltage when the stage is station
ary. This process involved measuring two variances and then
computing the standard deviation of voltage due to grain struc
ture.
For any set of conditions that the stationary variance would
effectively be a constant since it is merely the noise of the
system. At three different times the device was set up and allowed
to take one thousand variances of one thousand data points or esti
mates of the noise. A 0.5 inconel N.D. filter was placed in the
stage to attenuate the beam rather than a film sample due to its
lack of grain structure in the range the photomultiplier curcuit
would pass. The value for the three million points was found to
be 8481.15 relative voltage squared with a standard error of the
mean of 14.05. Thus if conditions are maintained constant through
out experimentation the noise of the system need not be removed
from the data. The result will be a relationship between stand
ard deviation of voltage and rms granularity which incorporates
the noise signal. A threshold rms granularity is set at 0.008,
when using a 48;ym aperture. Voltage fluctuation produced by
samples of 0.008 rms granularity or less can not be distinguished
from fluctuations due to the noise of the system.
-13-
Relation of c to a - The relationship between the stand
ard deviation of voltage and the standard deviation of density was
known to be of the form ofv-=<*Oy+/6. To determine the
values of < and fl the standard deviation of voltage was deter
mined for each of 10 samples of known rms granularity. The ten
known samples were scanned at two dc voltage levels for each of
three different focuses at each of three different trace locations
to produce eighteen standard deviations of voltage for each sample.
Each of the eighteen standard deviations of voltage are an average
of ten individual standard deviations. The mean of the eighteen
standard deviations of voltage were used in the linear regression
model to determine < and^ .
Measurement of o - The samples scanned as the basis for
estimating the repeatability of the instrument and its general
accuracy were obtained from John Westbrook during previous work
with the rms granularity meter. These samples, four flashed film
strips were provided together with their granularity as measured
with a 48 \m aperture at the Eastman Kodak research laboratory
and the data is in Figure 6. The measurement of Vfl and a v were
taken with a Tektronix Type RM561A oscilloscope, and the Apple II
personal computer respectively. The values for ov were obtained
via a Pascal program analysis of sampled data from the interface
(Appendix B).
-14-
Figure 6
STANDARD SAMPLES
Sample
Diffuse
# Density (D) Emulsion #
1 .19 .021 3266
2 .46 .018 2643
3 .39 .025 3266
4 .32 .012 2643
5 .14 .014 3267
6 .68 .033 3266
7 .98 .044 3266
8 .92 .036 3268
9 .80 .025 2643
10
.74 .034 3267
The values of diffuse density and stated above were deter
mined at the Eastman Kodak Research Laboratories.
Repeatability - The initial scans of the samples were in an
attempt to determine the ability of the apparatus to produce repeat-
able results over a time span of an hour. For this portion of the
experimentation the device was set up according to Appendix C and
the values were taken. No attempt was made here to investigate the
effects of varying V. level, scan aperture, trace location, or focus.
-15-
To avoid these effects the sample was not moved between readings,
only the 48 um effective aperture was used, and neither the atten
uation nor the focus were adjusted.
Effect of Variations in Focus, DC Voltage, and Trace Location
Four samples were used to determine the significance of focus, dc
voltage, and trace location with respect to standard deviation of
density. To determine the significance of each effect, the vari
ances of the data due to each were compared by an F-test to the
total variance of the data.
-16-
III. Results
Photomultiplier Linearity - With the photomultiplier voltage
set at -1000 volts dc, the response curve of photomultiplier out
put voltage to transmittance was found to fit a linear regression
model with a slope of m = 10.18 and a y-intercept of b = -0.0484.
The square of the correlation coefficient of the regression line
is 0.994.
Relation of a to a - When the device was set up as de
scribed in Appendix C the relationship for a v to a was given
by aD
=
e*av +ft , where * = 0.0002925 and jS = -0.0189313 and
the square of the correlation coefficient is 0.998.
Variability of,(j. - The initial repeatability test was run
as a repetative series without variation in focus or V. . The
d-c
ten samples run showed small variations in the indicated o _
values between scans. The 95 percent confidence intervals on the
mean a D
varied from +_ 0.00031 in the best case to +_ 0.00064 in the
worst case. See Appendix D.
Effect of Variations in Focus, DC Voltage, and Trace Location -
The effect of variations in focus was not found to be significant when
best focus was achieved using an oscilloscope to maximize the mean
value and the deviation about that mean.
DC voltage level was also found to be an insignificant effect for
four samples used. When V. was adjusted visually on the oscilloscope
-17-
so that the mean was -0.2 volts.
The effect of three random locations on the four samples was
found to have no significant effect on the rms granularity of the four
sanples. After each change in trace location the sample was refocused
and the V. readjusted. See Appendix E.
Comparison of True a n Values
- The mean values of a-, reported in
the repeatability study deviated from the known rms granularity of the
samples according to Figure 7.
The percent changes, ?as, are centered about 0?a and range to
+6. 67?& and to -5.60?A .
Figure 7
Comparison of True a D Values
Sample # aD %&
Known Computed
1 0.021 0.0205 2.38?
2 0.018 0.0183 -1.67J
3 0.025 0.0214 3.60*
4 0.012 0.0112 6.67$
5 0.014 0.0143 -2.14?
6 0.033 0.0342 -3.645?
7 0.044 0.04H 5.91?
8 0.036 0.0347 3.61?
9 0.025 0.0264 -5.60?
10 0.034 0.0329 3-23?
-18-
IV. Discussion
Relative Accuracy - The rms granularity measurements produced
by the digitized rms granularity meter are more accurate than
those reported in its original configuration.
The reason for the increased accuracy is in the relationship
of standard deviation of voltage to rms granularity. In the orig
inal work this relationship relied on the square root of the differ-
2
ence of the variance of voltage when the stage was moving, o T , and
2
stationary, a N , and also the mean bias voltage, v, about which
those variances occur. Yielding a final calculation of o = 0.399
2 2 -
SQRT ( aT - oN )/v where SQRT is the square root of the argument.
The addition of the variable attenuator in the photomultiplier
housing for biasing of the DC voltage eliminated the need to normal
ize by the mean bias voltage. As mentioned previously the square
root of the stationary variance of voltage was found to be constant
for any set of conditions; therefore, the calculations have been
simplified to the square root of the variance when the stage was
moving o v, and the relationship has been determined experimentally
for specified conditions to be p D
= a
v
0.00029 = -0.0189. The
fluctuations of rms granularity of the experimental relationship
are centered at zero where as the fluctuations of the empirical
12
relationship were centered at -2.8?
-19-
Suggested Improvements - The experimentation here has been
done using an oscilloscope to determine the best focus and to bias
the DC voltage. The final Pascal program, RMSG, which makes use
of a focus procedure and biasing procedure is a more advantageous
means of using the meter. In testing the program however the
focusing procedure, which works with a moving average of 50 data
points to maximize the mean value, has been found not to be as
accurate as a visual focus on an oscilloscope. The biasing proce
dure has been found to be a much better means than the oscillo
scope because you are biasing the actual mean and not a visual
approximation.
A better indicator of optimal focus which could be substituted
for the current focusing procedure in RMSG would together with the
biasing procedure produce more precise measurements.
Suggested Investigations - The possibilities for investigations
about or involving the granularity scanner are numerous. Such in
vestigations are:
1. The effects of varing apertures on granularity measurement
precision and the values found for <* and ^ of the linear
regression.
2. The use of the scanner for Wiener spectrum analysis.
-20-
V. Conclusion
The results of the work herein reported support the following
conclusions :
a) The device is repeatable to the degree that with 95 percent
confidence, a n obtained from a single observation lies in
the range of oD . 0.0006.
b) The values of rms granularity generated using this device
are accurate to within 7 percent of the known values as
given by the Eastman Kodak Company for the same samples
with 95 percent confidence.
These conclusions have been drawn from the resulting data of a
certain set of experimental conditions. Therefore, to maintain their
validity, the device must be used under the same conditions described
in this paper.
-21-
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APPENDIX A
PIN OUT CONFIGURATIONS
FOR AD574, AD521 , Jl
AND ENDGE CONNECTOR
+15V, SUPPLY AD521
TO GND
10K
PMT
SIGNAL
-15V. SUPPLY
SIGNAL
TO A/D
OUTPUT
COMMON
AD574
PIN # PIN #
+5V. SUPPLY 1
+5V. SUPPLY 2
TO GND, 3
TO GND, 4
TO PIN 11 Jl 5
+5V. SUPPLY 6
+15V, SUPPLY 7
TO PIN 10 A/D 8
TO GNDa 9
TO PIN 8 A/D 10
-15V. SUPPLY 11
TO GND. 12
INPUT SIGNAL 13
14
28 TO PIN 5 OF Jl
27 TO PIN 14 OF Jl
26 TO PIN 15 OF Jl
25 TO PIN 16 OF Jl
24 TO PIN 17 OF Jl
23 TO PIN 18 OF Jl
22 TO PIN 19 OF Jl
21 TO PIN 2Q OF Jl
20 TO PIN 21 OF Jl
19 TO PIN 22 OF Jl
18 TO PIN 23 OF Jl
17 TO PIN 24 OF Jl
16 TO PIN 25 OF Jl
15 TO GND )
-24-
APPENDIX A
(Cont.)
PIN # PIN #
TO GND. 1 26 TO GND.
TO GND. 2 25 FROM PIN 16 A/D
TO GND. 3 24 FROM PIN 17 A/D
TO GND. 4 23 FROM PIN 18 A/D
TO PIN 28 OF A/D 5 22 FROM PIN 19 A/D
- 6 21 FROM PIN 20 A/D
- 7 20 FROM PIN 21 A/D
- 8 19 FROM PIN 22 A/D
- 9 18 FROM PIN 23 A/D
- 10 17 FROM PIN 24 A/D
TO PIN 5 OF A/D 11 16 FROM PIN 25 A/D
- 12 15 FROM PIN 26 A/D
TO GND. 13 14 FROM PIN 27 A/D
EDGE CONNECTOR
SLOT #
FROM A/D PIN 16 1 +5V. SUPPLY
FROM A/D PIN 17 2 +15V. SUPPLY
FROM A/D PIN 18 3 -15V. SUPPLY
FROM A/D PIN 19 4 PMT SIGNAL
FROM A/D PIN 20 5 ^GROUND
FROM A/D PIN 21 6 GROUND
FROM A/D PIN 22 7 GROUND
FROM A/D PIN 23 8 -
FROM A/D PIN 24 9 FROM PIN 5 A/D
FROM A/D PIN 25 10 FROM PIN 28 A/D
FROM A/D PIN 26 11 FROM PIN 27 A/D
THIS END HAS BEEN CUT TO SHORTEN.
-25-
APPENDIX B
Pascal Program SSTD
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APPENDIX C
Prodedure For Taking Data
1. Clamp the sample in the stage.
2. Focus the grain pattern on the photomultiplier aperture visual.
3. Start the stage in motion.
4. Using an oscilloscope connected to the output BNC connector,
fine focus the sample to achieve maximum voltage deviation.
5. Observing the oscilloscope adjust the N.D. attenuator so the
output signal has a mean of 0.2 volts.
6. Switch the photomultiplier signal to the instrumentation ampli
fier and turn on the digitization curcuit power supply.
7. Execute on the following programs:
a) Demol - read 20 data points.
b) SSTD - will read n samples and compute the mean and
standard deviation.
For Use Without An Oscilloscope
1. Clamp the sample in the stage.
2. Focus the grain pattern on the photomultiplier aperture visual.
3. Start the stage in motion.
4. Switch signal to the instrumentation amplifier and turn on its
supply.
5. Execute program RMSG which has facilities to adjust the fine
focus and to bias the output voltage to .2 volts. It determines
and reports the rms granularity of the sample.
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APPENDIX D
Repeatability Of The Device
Each of the ten samples were used to determine the repeatability
of the device. The table below shows the sample number, the mean .
the standard deviation, and the 95-percent confidence limits on
for each sample.
Sample* '"a D S aQ L.Cf.L. U.Cf.L. n
1 0.0205 0.0008249 0.01999 0.02101 10
2 0.0183 0.0009887 0.01769 0.01891 10
3 0.0241 0.0011174 0.02341 0.02479 10
4 0.0112 0.0005002 0.01089 0.01151 10
5 0.0143 0.0007839 0.01381 0.01470 10
6 0.0342 0.0006523 0.0338 0.03460 10
7 0.0414 0.0010355 0.0407 0.04204 10
8 0.0347 0.0006348 0.03431 0.0350 10
9 0.0264 0.0005031 0.02608 0.02671 10
10 0.0329 0.0010121 0.03227 0.03352 10
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APPENDIX E
Effect of Variations in Focus, DC Voltage, and Trace Location
Tables F.l, F.2, F.3, and F .4 show the results of the nested experi
ment to investigate focus, V. and trace location effects.
Tabl
ANOVA For
eF.l
Sample #4
Source D.F. S.S. M.S. F-Test Significant?
Between Traces 2 13.812 6.906 6.906 0 oc
3.052
" 2-26 No
Between Focus 6 18.31 3.052
3.052 , .qirm- 1-39 No
Between VDC 6 13.148 2.191
2.191
_
2.663
"
'^ No
Total 17 45.275 2.663
Table f.2
ANOVA For Sample #7
Source
Between Traces
Between Focus
Between VDC
Total
D.F. S.S. M.S. F-Test Significant?
2 430.214 215.107
21&.107
= 1U Hq
6 139.899 123.317 |||^f = .379 No
6 1951.063 325.177
325.177
= 1J7 ^
17 3121.176 183.599
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Tabl e F.3
ANOVA For Sample #9
Source D.F. S.S. .M.S. F-Test Significant?
Between Traces 2 106.74 53.37 53.37 = 6
8.147
D'DS No
Between Focus 6 48.88 8.147 8.147 _
6.562
_ ]^4 No
Between VQC 6 39.36 6.562 6.562 _11.470 " 'bU No
Total 17 194.989 11.470
Source
Between Traces
Between Focus
Between VDC
Total
D.F.
2
6
6
17
Table F.4
ANOVA For Sample #8
S.S.
78.534
120.594
181.231
380.359
M.S.
39.267
20.099
30.205
22.374
F-Test
39.267
20.099
20.099
30.205
30.205
22.374
= 1.95
= .665
= 1.35
Significant?
No
No
No
The tabular F ratio used for tests of significance for each experiment
were F6,6,.01 = 8'5' F6,2,.01 =10-9' F6,17,.01
= 4J-
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